ABSTRACT: Phenotypic screening of compound libraries is a significant trend in drug discovery, yet success can be hindered by difficulties in identifying the underlying cellular targets. Current approaches rely on tethering bioactive compounds to a capture tag or surface to allow selective enrichment of interacting proteins for subsequent identification by mass spectrometry. Such methods are often constrained by ineffective capture of low affinity and low abundance targets. In addition, these methods are often not compatible with living cells and therefore cannot be used to verify the pharmacological activity of the tethered compounds. We have developed a novel chloroalkane capture tag that minimally affects compound potency in cultured cells, allowing binding interactions with the targets to occur under conditions relevant to the desired cellular phenotype. Subsequent isolation of the interacting targets is achieved through rapid lysis and capture onto immobilized HaloTag protein. Exchanging the chloroalkane tag for a fluorophore, the putative targets identified by mass spectrometry can be verified for direct binding to the compound through resonance energy transfer. Using the interaction between histone deacetylases (HDACs) and the inhibitor, Vorinostat (SAHA), as a model system, we were able to identify and verify all the known HDAC targets of SAHA as well as two previously undescribed targets, ADO and CPPED1. The discovery of ADO as a target may provide mechanistic insight into a reported connection between SAHA and Huntington's disease.
P henotypic screening of compound libraries is commonly employed as part of the drug discovery workflow. 1, 2 This approach monitors the influence of compounds on cellular models reflecting disease biology, thus, providing an opportunity to discover novel compounds with therapeutic potential. However, the utility of phenotypic screening is limited by the challenges associated with identifying the cellular targets eliciting the phenotypic response through interaction with the bioactive compound. 3−6 Common approaches for target identification rely on affinity enrichment followed by high resolution mass spectrometry. 3, 7, 8 Traditional enrichment methods utilize a bioactive compound tethered to either a surface or an affinity tag (e.g., biotin) for selective isolation of interacting targets, often from cell lysates. 5, 8, 9 For these methods to yield meaningful results, it is critical that the chemical modification of the compound does not alter its binding to cellular targets. Unfortunately, verifying this by recapitulating the phenotypic activity is often hindered by the influence of the modification on cell permeability. 3, 8, 10 Moreover, since drugs frequently bind reversibly to their targets, isolation efficiency depends on a given target's affinity and subsequent dissociation rate. The degree of selectivity of the capture method also affects the ability to detect targets of low abundance over a nonspecific background. Not surprisingly, successful target identification has generally involved high affinity targets expressed at relatively high levels. 5, [7] [8] [9] 11 Recognizing that the intracellular environment may influence binding between drugs and their targets, methods have been developed allowing modified compounds to engage with their targets inside cells. 9, 12, 13 These methods typically rely on conjugating the bioactive compound to a small bifunctional tag, comprising a photo-cross-linker for freezing the binding equilibrium and an alkyne or azide for click-chemistry ligation to an affinity tag. 4,12−14 Cross-linking ensures that the binding interactions are preserved over the time required for both chemical ligation and subsequent capture of the affinity tag. However, cross-linking efficiency is often low due to rapid quenching of the reactive group inside cells. 15, 16 In addition, nonspecific cross-linking to highly abundant or "sticky" proteins can obscure target detection due to nonspecific background. 6, 13, 15, 16 Furthermore, background can also result from the click reaction, as copper-induced activation of the alkyne group may cause nonspecific protein labeling. 17, 18 We developed an alternative approach that does not rely on chemical cross-linking to achieve effective target enrichment from living cells. The method utilizes a novel chloroalkane capture tag that exhibits minimal influence on phenotypic potency when appropriately attached to bioactive compounds. This can be useful for validating the suitability of a tagged compound since proper positioning of the tag is necessary to retain productive binding. As this cannot be demonstrated directly for unknown targets, preservation of pharmacological activity provides a means for confirming retention of relevant binding interactions with cellular targets.
Enrichment of interacting targets is achieved through efficient capture of the chloroalkane tagged compound onto an immobilized HaloTag protein. 19, 20 Although cell lysis promotes dissociation of transiently bound targets, this is mitigated by fast sample processing afforded by the rapid binding kinetics of HaloTag. 19, 20 The rapid and selective nature of the process also facilitates identification of targets having low affinity or low abundance.
Mass spectrometry analysis of the enriched proteins cannot discriminate between targets able to bind directly to the bioactive compound and proteins that copurify through other mechanisms (e.g., via protein−protein interactions). Ascertaining the true targets and establishing their binding affinities is often a rate limiting step toward understanding the bioactive compound's mechanism of action. 3, 7, 9 Current approaches to accomplish this include biochemical methods utilizing purified proteins and cellular methods relying on binding-dependent stabilization of targets (e.g., CETSA).
10,21 Instead, we have addressed this using bioluminescence resonance energy transfer (BRET), which provides a sensitive measure of molecular proximity. 22 By exchanging the chloroalkane tag for a suitable fluorophore, direct binding interactions with putative targets genetically fused to NanoLuc luciferase (NLuc) 23 can be verified. 24 We used Vorinostat (SAHA), an inhibitor of class I and class IIb histone deacetylases (HDACs), as a model compound for investigating the ability of our approach to identify intracellular targets. 25, 26 Employing SAHA-chloroalkane to selectively enrich for targets from K-562 cells, we identified and verified all the known HDAC targets of SAHA (i.e., HDAC 1, 2, 3, 6, 8, and 10) and two previously undescribed targets (ADO and CPPED1). One of these novel "off targets," ADO, may provide insight into a reported efficacy for SAHA in the treatment of Huntington's disease. 27 ■ RESULTS AND DISCUSSION Design and Development of the Chloroalkane Tag. The value of chloroalkanes as capture tags stems from their relative lack of reactivity in mammalian cells and their ability to bind rapidly and irreversibly to HaloTag. 19, 20 We previously reported that a 13-atom chloroalkane linker comprising a [PEG] 2 segment ( Figure 1, panel A) , appended to a TAMRA fluorophore, is cell permeable and efficiently labels HaloTag expressed in mammalian cells. 19, 20 We suspected that this linker when conjugated to a bioactive compound may be too short for binding to HaloTag when the compound is also bound to its cellular targets. To increase its length, we inserted additional PEG units to create [PEG] 4 and [PEG] 6 chloroalkane tags. We also incorporated a carbamate−[PEG] 3 −carbamate spacer, previously used to attach the chloroalkane linker to a solid support, 20 creating chloroalkane tag T1 (Figure 1, Supporting Information Figure 1 Figure 1 ).
Encouraged by this result, we further examined the length and structure of the spacer by generating chloroalkane tags T2, T3, and T4 ( Figure 1, panel B) . To minimize bias that could arise from relying on a single bioactive compound, these tags were conjugated to BIRB796 tracer (BIRB796*), 28 dasatinib, 29 and SAHA 25, 26 and tested for HaloTag binding, cellular permeability, and target enrichment (Figure 2) . T1, although similar in length to T4 and notably longer than T2, displayed faster binding to HaloTag in cell lysates than both T4 and T2 when appended to SAHA and BIRB796*, respectively. However, when appended to dasatinib and compared to the significantly shorter T3, T1 displayed slower binding to 
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Articles HaloTag (Figure 2, panel A) . These results indicate that T1, despite its length, generally retained good binding kinetics to HaloTag. A docking model of T1 with the crystal structure of HaloTag (PDB 4KAJ) suggests that one of the two carbamates within its structure may form stabilizing hydrogen bonds with two amino acids (Thr148 and Phe144) positioned near the entrance of the HaloTag binding tunnel (Supporting Information Figure 2) .
To investigate the ability of these conjugates to permeate cells, they were compared for their binding to HaloTag inside intact cells (Figure 2 , panels B and C). A similar kinetic trend was observed for these conjugates, suggesting that membrane permeability is generally not a limiting factor for their binding to HaloTag.
Enrichment efficiency of the chloroalkane conjugates was evaluated using HaloTag immobilized onto paramagnetic particles. Using site-specific chemistry to attach HaloTag through a single point on the N-terminus of the protein, we were able to retain 95% of its specific activity after immobilization (Supporting Information Figure 3 ). Assessment of relative target enrichment was achieved using known targets of the selected compounds genetically fused to a NLuc reporter. 23 Cells expressing NLuc fusions were incubated with the tagged compounds, while control cells remained untreated. Following cell lysis, the tagged compounds were captured onto HaloTag paramagnetic particles. Interacting targets were then eluted using excess unconjugated compound, and specific enrichment was determined by the increase in bioluminescence over the controls ( Figure 2 , panel D). T1 provided substantially greater enrichment for all three models. Although T3 displayed fast binding kinetics to HaloTag, it failed to provide significant enrichment, consistent with our presumption that the 13-atom chloroalkane linker alone is too short to allow simultaneous binding to both HaloTag and the target protein. While we did not analyze all possible variations of chloroalkane tags and bioactive compounds, these results taken together indicate that T1 exhibits a suitable combination of good binding kinetics to HaloTag, retention of cellular permeability, and efficient enrichment of target proteins.
Influence of the Chloroalkane Tag on Bioactivity. Ideally, a capture tag should minimally influence the biological activity of compounds introduced to living cells. Since T1 exhibited the highest enrichment efficiency following target engagement inside cells, we further investigated its influence on the potency of BIRB796*, dasatinib, and SAHA ( Figure 3 ). BIRB796* inhibits p38 and JNK kinases, leading to reduced production of pro-inflammatory cytokines such as TNFα. 28, 30 In LPS stimulated THP-1 cells, inhibition of TNFα secretion was found to be unaffected by appending T1 onto BIRB796* ( Figure 3 , panel A). Dasatinib inhibits the BCR-ABL oncogenic signaling pathway, thereby reducing activation of STAT5. 29 Appending T1 onto dasatinib reduced its potency by 3-to 4-fold as determined by repression of STAT5 activation and induction of apoptosis in K-562 cells ( Figure 3 , panel B). SAHA is a class I/IIb HDAC inhibitor which induces growth arrest and apoptosis of cancer cells. 26 Appending T1 onto SAHA reduced its potency by 3-fold as determined by inhibition of HDAC activity in K-562 cells and activation of apoptosis ( Figure 3, panel C) . Thus, for these three distinct models, appending T1 had a relatively minor impact on compound potency, suggesting that the tagged compounds retained their ability to permeate cells and engage their expected cellular targets.
Enrichment of Cellular Targets. To evaluate the ability to enrich endogenous targets, we chose SAHA as an experimental model due to several technical challenges it presents. The (D) Specific enrichment of NLuc fusion proteins (n = 6). Enrichments using the T1 conjugates were 27-, 11-, and 125-fold over background for BIRB796*, dasatinib, and SAHA, respectively. Significantly less or no enrichment was observed with the other tags.
Articles primary targets of SAHA, HDACs class I/IIb, differ in their cellular abundance and localization (i.e., nuclear or cytosolic). 26 They also exhibit a range of affinity for SAHA (nM to low μM K d values) with generally rapid dissociation rates. 25, 26, 31 Although target engagement by tagged compounds in living cells should provide a more biologically meaningful context, it also presents certain technical challenges, particularly dissociation of transiently bound targets driven by their extensive dilution upon cell lysis. To test the effectiveness of our method relative to enrichment from cell lysates, we optimized both methods for enrichment of HDACs from HEK293T cells (Supporting Information Figure 4 ). Western analysis indicated that the relatively abundant and high affinity HDAC1 and HDAC2 can be efficiently enriched from either cells or lysates (Figure 4 ). In contrast, for the less abundant HDAC6 and HDAC3 and lower affinity HDAC8, a significantly higher degree of enrichment was achieved when target engagement occurred inside cells. These results suggest that, at least for this model, engaging the targets within living cells is advantageous, particularly for the enrichment of targets of lower affinity or abundance.
We did not detect any enrichment of HDAC10 and suspected this was due to its significantly low expression levels in HEK293T cells. 32 We repeated the analysis in the phenotypically relevant K-562 cells (used to verify the pharmacology of SAHA-T1) and used more cells in the enrichment experiments. For these samples, Western analysis revealed specific isolation of all the HDACs expected to interact with SAHA, including HDAC10 (Supporting Information Figure 5 ). Significant enrichment of these HDACs was also apparent by mass spectrometry analysis (LC-MS/MS), demonstrating the effectiveness of this approach to sufficiently preserve the binding interactions throughout the enrichment process. In addition to the expected targets, we also identified two previously undescribed targets, ADO and CPPED1 (Table 1) .
Target Verification. From the data presented thus far, we cannot conclude whether the identified proteins bind directly to the compound or are copurified through interactions with direct targets. We have previously shown that BRET can reveal 
Articles the direct binding relationship of a compound with its protein targets. 24 Because of the rigorous distance constraints imposed by BRET, 22 binding interactions between the fluorophore tagged compound and the luciferase fused to the target can be detected in living cells or lysates without requiring protein purification ( Figure 5, panel A) .
To determine whether SAHA binds directly to the identified targets, we exchanged the chloroalkane tag with nonchloro-TOM 33 to create SAHA-NCT and generated genetic fusions of NLuc 23 to the eight targets identified by mass spectrometry. By this approach, we confirmed specific, dose-dependent, and saturable binding of the SAHA-NCT to HDACs 1, 2, 3, 6, 8, and 10 ( Figure 5, panel B) . Apparent affinities for SAHA to these targets were determined by competitive displacement of the SAHA-NCT with unmodified SAHA. Binding constants (K i ) were estimated using the Cheng−Prusoff equation 34 and found to be in general agreement with reported values 25 ( Figure 5 , panel C). For the two putative novel targets, ADO and CPPED1, we estimated binding constants of 450 nM and 1.2 μM, respectively ( Figure 6 , panels A and B). CPPED1 (also known as CSPT1) is a serine/threonine phosphatase that specifically dephosphorylates AKT. 35 ADO is a thiol dioxygenase that catalyzes the oxidation of cysteamine to hypotaurine. 36 Neither have been previously reported as a target of SAHA, 12,14,37,38 nor do they exhibit sequence similarities with HDACs. However, both are metalloenzymes capable of binding a divalent transition metal 
Articles ion. Since SAHA binds to HDACs, in part by chelating to a bound zinc ion, 25 it may interact in a similar manner with these metalloenzymes.
Our discovery of ADO as a target of SAHA may lend mechanistic insight into the reported efficacy of SAHA in the treatment of Huntington's disease. 27 Cysteamine has been approved as an orphan drug for Huntington's disease, although its rapid metabolism remains a major challenge in sustaining the concentrations necessary for therapeutic effect. 39 It has also been separately reported that cysteamine 40 and SAHA 27 ameliorated the Huntington's phenotype in R6/2 model mice. Both treatments produced similar biological outcomes, improving motor impairment without apparent reduction of neuronal nuclear inclusions, although no underlying mechanism common to these compounds has been proposed. Our results suggest that SAHA may inhibit ADO, thereby increasing the cysteamine levels through suppression of its metabolism. This is further supported by our results indicating that incubation of purified ADO with SAHA inhibited the conversion of cysteamine to hypotaurine ( Figure 6 , panel C).
Comparison between Chloroalkane and Biotin Tags. As biotin is a commonly used capture tag, we evaluated whether it would be as effective as the chloroalkane tag for the enrichment of SAHA targets. To do this, we exchanged the (CH 2 ) 4 Cl part of SAHA-chloroalkane with an amide-(CH 2 ) 4 -biotin, keeping the remainder of T1 intact (Figure 7, panel A) . K-562 cells were incubated with both the SAHA-chloroalkane and SAHA-biotin 
Articles to allow intracellular target engagement. Following cell lysis, the SAHA conjugates were captured onto HaloTag or streptavidin paramagnetic particles, respectively, and interacting proteins were released by competitive elution with unmodified SAHA. Western analysis revealed that SAHA-chloroalkane enriched all the expected HDACs, while SAHA-biotin only enriched HDAC6 (Figure 7, panel B) .
To examine whether the differential enrichment efficiency was due to an inability of SAHA-biotin to engage the intracellular targets, we tested the potency of both SAHA conjugates in K-562 cells. We found that the chloroalkane tag reduced SAHA potency by 2.3-fold, while the biotin tag reduced it by 16-fold (Figure 7 , panel C). The greater impact of the biotin tag may be due to its reported tendency to interfere with compound solubility and cell permeability. 5, 10 However, it could also be due to biotin interference with SAHA's cellular interactions. We used the BRET assay to compare the relative affinities of SAHA, SAHA-chloroalkane, and SAHA-biotin to the different HDACs (Supporting Information Figure 7 ) and found that the biotin tag displayed a higher degree of interference with the SAHA interactions. The effect was most pronounced for the affinities to HDAC 1, 2, and 6, which were reduced only 5-to 6-fold by the chloroalkane tag, but as much as 26-to 65-fold by the biotin tag.
The superior enrichment displayed by SAHA-chloroalkane could be largely the result of a more effective target engagement. However, enhanced capture efficiency by the HaloTag paramagnetic particles may also be a contributing factor. To test this possibility, we compared the SAHA-chloroalkane and SAHAbiotin for their ability to capture purified HDAC6 using HaloTag or streptavidin particles, respectively (Supporting Information Figure 8 ). The HaloTag particles captured 3.5-fold more HDAC6. Furthermore, the rate of capture was higher by 10-fold. More efficient capture afforded by the HaloTag particles should be of general utility for target enrichment, particularly from living cells, where target isolation is in direct competition with target dissociation from the tagged compound.
Summary. By tethering compounds with a chloroalkane tag, we have developed a new approach for target discovery that relies upon the dynamic binding interactions occurring within living cells. The tag exhibited little effect on pharmacology when appended to a variety of compounds, so we anticipate it will be broadly useful for relating target engagement with phenotypic outcomes. By enabling target engagement within living cells, conditions prerequisite to the desired phenotype can be used for both validating the suitability of tagged compounds to interact with relevant targets and capturing these targets for subsequent identification. Furthermore, using live cells should help maintain cellular nuances required for binding interactions. These features in concert with the verification of the pharmacological activity should increase confidence in the biological relevance of the identified targets.
In the absence of covalent cross-linking, effective enrichment of the targets relies on rapid recovery of the tagged compounds and their interacting targets from cultured cells. This is achieved through rapid binding onto immobilized HaloTag, which competes with the dissociation of interacting targets following cell lysis. For our model compound, SAHA, capture rates displayed by the chloroalkane tag were significantly faster compared to a similarly configured biotin tag, contributing to vastly greater enrichment of HDAC targets. In addition, the high density of chloroalkane-tagged compound covalently captured onto the HaloTag particles creates a high local compound concentration, which should facilitate the retention of bound targets throughout the enrichment process.
The enrichment process by itself cannot specify the relative binding strength of the interactions, or even whether the identified proteins are able to bind with the compound. Our approach also includes a verification method based on BRET, which reveals direct binding relationships with the bioactive compound and provides an estimate of binding affinity. The method is independent of the target enrichment and identification process, and it is not subject to interference from the relative abundance or capture efficiency of the target. Due to the rigorous distance constraints imposed by BRET, direct binding interactions can be quantitatively monitored in a relevant biological context.
Finally, the effectiveness of this new strategy was demonstrated by the identification and verification of all the known SAHA's HDAC targets regardless of their affinity, dissociation rates, abundance, or cellular compartment. The further discovery of certain metalloenzymes as novel targets of SAHA suggests that this new approach may also reveal "off targets" interactions or novel pharmacological pathways.
■ METHODS
See the Supporting Information for detailed information about materials and methods related to the chemical synthesis of bioactive compound conjugates, synthesis of HaloTag paramagnetic particles, generation of DNA constructs, cell culture, phenotypic assays, mass spectrometry analysis, enzyme activity assays, and analysis of particle capture capacity and kinetics.
Reagents. Detergent lysis buffer: Mammalian lysis buffer (Promega) supplemented with 1:50 dilution of RQ1 DNase (Promega) and 1× RQ1 DNAase buffer. Pull-down buffer: 50 mM HEPES at pH 7.5, 150 mM NaCl, and 0.01% IGEPAL (Sigma).
Analysis of Binding Kinetics to HaloTag Protein. Binding kinetics in cellular lysate: HEK293T cells were transfected in six-well plates with a DNA construct encoding Luc2:HaloTag fusion. Twentyfour hours post-transfection, cells from two wells were collected, harvested, lysed with 1 mL of detergent lysis buffer, and treated with the chloroalkane tagged compound at a final concentration of 1 μM for up to 60 min. After a specified incubation time, an aliquot was removed and treated with HaloTag TMR Ligand (Promega) at a final concentration of 1 μM for 15 min to label the remaining unbound HaloTag fusion protein. The aliquots were resolved on SDS-PAGE and scanned on a Typhoon 9400 fluorescent imager (GE Healthcare). Bands were quantitated using ImageQuant (GE Healthcare), and binding kinetics were determined as the percent binding over time relative to time zero (no chloroalkane tagged compound added). Binding kinetics inside intact cells: HEK293T cells were transfected in 24-well plates with DNA constructs encoding Luc2:HaloTag fusion (ubiquitous expression) or HaloTag:NLS 3 fusion (nuclear expression). Twenty-four hours post transfection, cells were treated with the chloroalkane tagged compound at a final concentration of 10 μM and incubated at 37°C at 5% CO 2 for up to 120 min. The medium was then replaced with a medium containing 5 μM HaloTag TMR Ligand, and the cells were incubated for an additional 15 min. After the medium was removed, cells were lysed with detergent lysis buffer, and time points were analyzed as described above.
Enrichment of NLuc Fusion Proteins (Target Engagement Inside Cells). HEK293T cells were transfected in a 96-well plate with a DNA construct encoding a NLuc fusion protein (diluted 1:100 with carrier plasmid pCI-neo). Twenty-four hours post-transfection, cells were treated with 20 μM chloroalkane tagged compound, while control cells remained untreated. Following a 2.5 h incubation, the medium was removed; cells were quickly washed with PBS and then lysed with 30 μL/well detergent lysis buffer for 10 min. Cell lysates were diluted 1:2 with pull-down buffer and transferred to a 96-well plate containing 0.5 μL/well settled paramagnetic HaloTag particles. Following 15 min of binding, the unbound fractions were removed. Particles were washed
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Articles three times, 3 min each, and the captured NLuc fusions were released by a 15 min competitive elution with 400 μM unconjugated compound. The released NLuc fusions were detected by NanoGlo reagent (Promega) on a GENios pro plate reader (Tecan).
Enrichment of Endogenous Targets. Endogenous targets were enriched from 1 × 10 7 HEK293T cells/sample or 5 × 10 7 K-562 cells/ sample. The pull-down protocol was performed in triplicate on an HSM 2.0 Heater Shaker Magnet instrument (Promega). Target engagement inside cells: Triplicates were either treated with SAHA-chloroalkane at a final concentration of 20 μM or remained untreated (controls). Following a 2.5 h incubation, the medium was removed. Cells were quickly washed with PBS and then lysed with 2.5 mL of detergent lysis buffer for 10 min. Cell lysates were collected, centrifuged at 3000 × g for 1 min, and then the supernatants were diluted 1:2 with pull-down buffer and transferred to 50 mL tubes containing 75 μL of settled paramagnetic HaloTag particles. Following 15 min of binding, the unbound fractions were removed, and particles were washed three times, 3 min each. The particles were then transferred to Eppendorf tubes, and the bound targets were released by competitive elution with 150 μL of 400 μM SAHA (Selleckchem) for 1 h. Enrichment using SAHA-biotin: the same conditions were used for the SAHA-biotin enrichment experiments with the exception of paramagnetic streptavidin particles (GE Healthcare). The streptavidin particles had 2-fold higher binding capacity for a small molecule (i.e biotin); therefore, only 35 μL of settled particles were used for each pull-down sample. Target engagement in lysate: Samples (in triplicates) were washed with PBS and then lysed with 2.5 mL of detergent lysis buffer for 10 min. Cell lysates were collected, centrifuged at 3000 × g for 1 min, and the supernatants were diluted 1:2 with pulldown buffer. Triplicates were either treated with SAHA-chloroalkane at a final concentration of 1 μM or remained untreated (controls). Following 2.5 h of binding, the lysates were transferred to 50 mL tubes containing 75 μL settled paramagnetic HaloTag particles, and enrichment was carried out as described above.
Target Verification by BRET. Bulk lysate: HEK293T cells were harvested (200 × g for 5 min), resuspended in BRET buffer (50 mM HEPES pH 7.5, 150 mM NaCl) at 5 × 10 6 cells/mL, lysed by sonication, aliquoted, and stored at −80°C. Lysates preparation: HEK293T cells were transfected in six-well plates with a DNA construct encoding an NLuc fusion (diluted 1:10 with carrier plasmid pCI-neo). Twenty-four hours post-transfection, cells from each well were collected and lysed with 200 μL of detergent lysis buffer. Lysates were diluted 1:100 into BRET buffer containing a 1:17 dilution of the bulk lysate and dispensed into white 96-well plates. For determining the binding affinity of SAHA-NCT against the targets, serially diluted SAHA-NCT was added to lysates in the presence or absence of 30 μM competing SAHA. Lysates were then equilibrated for 2 h at 37°C. To measure BRET, Furimazine (Promega) was added at a final concentration of 20 μM, and filtered luminescence was measured on a Varioskan luminometer (Thermo Scientific) equipped with a 450 nm band-pass filter (donor) and a 610-nm long pass filter (acceptor), using 0.5 s integration time. BRET ratios were determined by dividing 610 nm signals by the 450 nm signals. Background-corrected BRET ratios were determined by subtracting the BRET ratios of samples with excess competing SAHA from the BRET ratios in the absence of competing SAHA. Observed EC 50 and EC 80 were calculated for each target. For competitive displacement assays, a fixed EC 80 SAHA-NCT concentration was added to the lysates. Serially diluted SAHA was then added to the lysates and allowed to equilibrate for 2 h prior to BRET measurements (performed as described above). Apparent affinity values for each target were calculated from the observed IC 50 values according to the Cheng-Prusoff equation. 
